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(54) Variable-capacity turbine 

(57) Variable nozzle drive mechanism with a link 
plate (112), which can operate all the nozzle vanes 
smoothly and synchronously. The nozzle vanes (104) 
are supported in such a way that the nozzle vanes are 
free to rotate between the open and closed positions on 
nozzle shafts (104a), and the nozzle vanes (104) are 
connected to levers (114) which correspond to the noz- 
zle shafts (104a) so as to rotate along with the levers 
(114). Each boss (114a) at the end of each lever (114) 
functions as a shaft which are parallel to the nozzle 
shaft. The shafts (114a) in the nozzle vanes engage in 
oblong holes (114a) in the link plate (112) in such a way 
that they are free to swing, and are thereby connected 
to the link plate. The declined straight or curved center- 
line which runs the oblong hole to the oblong direction, 
extends at a given angle with respect to the radius of 
the link plate. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] This invention concerns a variable-capacity 
turbocharger which can control the amount of exhaust 
gas provided into the turbine compartment by operating 
the nozzle vanes. More specifically, it concerns an im- 
provement of the nozzle drive mechanism to transmit to 
the nozzle vanes the displacement of the actuator which 
operates the nozzle vanes. 

Description of the Related Art 

[0002] A turbocharger is an effective means to in- 
crease the output of an internal combustion engine. A 
turbine is rotated by the exhaust gas from the engine, 
and a compressor mounted on the same shaft as the 
turbine pressurizes the air supplied to the engine. Tur- 
bochargers are currently installed in a variety of en- 
gines. However, the flow rate of the exhaust gas varies 
with the speed of the engine's revolution. The flow rate 
of the exhaust gas which is actually supplied from the 
engine will not always be that needed to produce the 
ideal operating conditions for the supercharger. To rec- 
tify this situation and allow the turbocharger's capacity 
to be used to its best advantage, the variable-capacity 
turbocharger has been developed. In a variable-capac- 
ity turbocharger, the flow of the exhaust gas in the tur- 
bine compartment is regulated according to the operat- 
ing state of the internal combustion engine. 
[0003] This sort of variable turbocharger has a 
number of nozzle vanes in the nozzle unit of the turbine, 
which is inside a housing. The nozzle vanes provided 
on the nozzle shaft are supported in such a way that 
they can rotate between the open and closed positions. 
The nozzle shaft is connected through a lever to a link 
plate which has a doughnut shape. The link plate rotates 
freely on the rotary axis of the turbine. An actuator on 
the outside of the housing causes the link plate to rotate 
by means of a transmission mechanism. When the link 
plate rotates, the nozzle vanes operate synchronously, 
continuously moving between the open and closed po- 
sitions to adjust the degree of opening of the nozzle 
vanes. 

[0004] In the nozzle drive mechanism to drive the noz- 
zle vanes according to the prior art, the rotary action of 
the link plate is hot transmitted smoothly Into the rotary 
action of the nozzle vanes. To achieve the desired action 
of the link plate, the actuator on the outside of the hous- 
ing of the variable turbocharger had to be targe enough 
to produce an appropriate force. 

SUMMARY OF THE INVENTION 

[0005] The technical problem which this invention ad- 
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dressed is to solve this shortcoming In the prior art. The 
object of this invention is to provide a nozzle drive mech- 
anism for the link plate, which can operate all the nozzle 
vanes smoothly and synchronously. 

5 [0006] The variable-capacity turbocharger which con- 
trdls the opening degree of the nozzle vanes according 
to this invention has; a turbine provided in a housing, 
which is free to rotate on a turbine shaft; a plurality of 
nozzle vanes arranged in nozzle units around the tur- 

10 bine In the housing; a link plate which rotates freely 
around the turbine provided in the housing, which is con- 
nected to the nozzle vanes by the levers and continu- 
ously moves the nozzle vanes synchronously between 
the open and closed positions; and an actuator outside 

15 the housing, which is connected to the link plate through 
a transmission mechanism. 

[0007] The invention disclosed in the first preferred 
embodiment of this Invention is a variable turbocharger 
which is distinguished by the following. 

20 [0008] The nozzle vanes are supported in such a way 
that the nozzle vanes are free to rotate between the 
open and closed positions on nozzle shafts, and the 
nozzle vanes connected to levers which correspond to 
the nozzle shafts so as to rotate along with the levers, 

2s each boss at the end of each lever provided with a shaft 
which are parallel to the nozzle shaft. The shafts in the 
nozzle vanes engage in oblong holes in the link plate in 
such a way that they are free to swing, and are thereby 
connected to the link plate. The declined straight or 

30 curved centeriine which runs the oblong hole to the ob- 
long direction, extends at a given angle with respect to 
the radius of the link plate. 

[0009] With the invention disclosed above, the oblong 
holes in the link plate which receive the shafts of the 

35 levers extend in the axial direction at a given angle with 
respect to the radius of the link plate as defined by its 
rotational center. Thus when the link plate rotates, there 
is a component in the generated force whbh acts on the 
link plate at the point of contact of the shaft with the hole 

40 which pushes the shaft in the radial direction. The shafts 
of the levers can move smoothly in the radial direction 
within the holes in the link plate, and the link plate can 
operate easily. 

[0010] The invention disclosed in the second pre- 
45 ferred embodiment of this invention has curved oblong 
hole. The curved centeriine which runs the oblong hole 
to the oblong direction, is curved along an arc tangent 
to the declined straight line extending at a given angle 
with respect to the radius of the link plate. 
so [001 1 1 With the invention disclosed above, each of the 
oblong holes in the link plate which receive the shafts of 
the levers is curved along an arc tangent to a line ex- 
tending at a given angle with respect to one of the radii 
from the rotational center of the link plate. When the link 
S5 plate rotates, the component of the pushing force on the 
shaft which acts in the radial direction is greater than in 
the invention disclosed in Claim 1 of this application. 
This allows the shafts of the levers to move more 
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smoothly in the radial .direction within the holes in the 
link plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0012] Figure 1 is a lateral view of the exterior of a 
variable-capacity turbocharger in which this invention is 
implemented, 

[GDI 3J Figure 2 is a cross section of the turbine com- 
partment in the first preferred embodiment. io 
[0014] Figure 3 is a partially cut away frontal view of 
the variable-capacity turtDocharger in Figure 1 . 
[0015] Figure 4 is an enlargement of a portion of Fig- 
ure 3 It shows the transmission mechanism which trans- 
mits the action of the actuator to the link plate and the i5 
elements which link the two. 

[001 6] Figure 5 is a plan view of the link plate shown 

in Figure 4. 

[001 7] Figure 6 is an enlarged view of the oblong hole 

on the link plate according to a preferred embodiment 20 

of this Invention. 

[0018] Figure 7 is a partial plain view of the link plate 
according to another preferred embodiment of this in- 
vention. 

[0019] Figure 8 is an exploded view of the transmis- ^5 
sion mechanism to transmit to the link plate. 
[0020] In these drawings, 10 is turbine casing, 50 is 
actuator, 52 is rod, 54 is link member, 1 04 is nozzle vane 
112 is link plate, 11 2d is oblong hole on the link plate 
1 1 2d" is oblong hole according to another preferred env so 
bodiment, 114 is lever, 120 is swinging member, 130 is 
bridge, 140 is roller. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 35 

[0021] In this section we shall explain several pre- 
ferred embodiments of this invention with reference to 
the appended drawings. Whenever the shapes, relative 
positions and other aspects of the parts described in the 40 
embodiments are not clearly defined, the scope of the 
invention is not limited only to the parts shown, which 
are meant merely for the purpose of illustration. 
[0022] In this section we shall explain two preferred 
embodiments of the Invention with reference to the ap- 
pended drawings. 

[0023] Figure 1 illustrates the external appearance of 
a variable-capacity turbocharger 1 0 in which this inven- 
tion has been implemented. Variable-capacity turbo- 
charger 1 0 includes a housing, which comprises turbine so 
housing 20, compressor housing 40 and main housing 
30, which is between turbine housing 20 and compres- 
sor housing 40. Turbine housing 20 has an Intake port 
22 and an exhaust port 24. Compressor housing 40 has 
an intake port 44 and a discharge port 42. 55 
[0024] On the outside of the housings 20, 30 and 40 
is actuator 50, which drives the nozzle vanes (to be ex- 
plained shortly). Actuator 50 uses air pressure, or more 
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specifically it uses the negative pressure of the air 
sucked into the internal combustion engine (not pic- 
tured) on which the variable-capacity turbocharger 10 is 
installed, to cause rod 52 to move forward and back. It 
is, however, possible In this invention to replace the ac- 
tuator by any type of actuator which functions the same, 
such as an active pressure actuator, or a magnetic ac- 
tuator. 

[0025] The turbine compartment, especially main 
housing, is shown in Figure 2. As can be seen in Figure 
2, turbine shaft 32 is supported In main housing 30 in 
such a way that it is free to rotate. Turbine 28, which is 
mounted to one end of turbine shaft 32. is inside turiDine 
housing 20. The exhaust gas from the Internal combus- 
tion engine Is conducted from intake port 22 into turbine 
housing 20. It Is supplied to turbine 28 through scroll 
channel 26, which is created on the inside of turbine 
housing 20, and nozzle unit 100, which Is the inlet to 
turiDine 28. After It drives the turbine 28, the exhaust gas 
which was supplied Is exhausted through exhaust port 
24. 

[0026] Nozzle unit 1 00 comprises mounting plate 1 02, 
which is fixed to turbine housing 20, and side plate 106, 
which faces mounting plate 1 02 and Is mounted in the 
axial direction. A number of nozzle vanes 1 04 are placed 
between the two plates at regular Intervals along the cir- 
cumference of the shaft. At the base of nozzle vanes 
1 04 is shaft portion 1 04a, which is mounted to mounting 
plate 1 02 so that portion 1 04a Is free to rotate the vanes 
between the open and closed positions. The end 104b 
of each shaft portion 1 04a of nozzle vane assembly 1 04 
goes through mounting plate 102 In the axial direction. 
The shafts are connected to the various* levers 114 
which correspond to the nozzle vanes. (See Figures 3 
and 4). The nozzle vane 104 rotates via nozzle shaft 
104a according to the rotation of lever 114.* Each lever 
114 has a hole 114b to receive the end 104b of one of 
the shaft portions 104a, and a boss, shaft portion 114a, 
on the side opposite the hole 114b. 
[0027] The shaft 1 1 4a of lever 1 1 4 can slide within the 
oblong hole 1 1 2d provided at regular Intervals along the 
circumference of link plate 112. There is a cylindrical 
boss 102a on the side of mounting plate 102 opposite 
nozzle unit 100. An annular link plate 112 (See Figure 
5) Is mounted to the boss 1 02a so that It Is free to rotate 
on the rotational axis of turi&lne 28. Link plate 112 has a 
series of oblong holes 1 1 2d at regular intervals along its 
circumference to receive the shaft portions 114a of le- 
vers 11 4. Further, link plate 112 has on the same surface 
a trapezoidal elongated portion 112a on one side. The 
end of the elongated portion 11 2a Is divided into two por- 
tions to form locking arms 1 1 2c. The two amns 11 2c form 
a rectangular recession 112b. 

[0028] As is shown In Figures 5 and 6 by the broken 
line with two dots, in the prior art. oblong hole 11 2d' of 
link plate 1 1 2 Is formed on a radius of the rotational cent- 
er of link plate 112, i.e., it is formed on a radius of a circle 
whose center is the rotational center O (turtDine shaft) of 
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turbine 28 in the variable turbocharger 1 0. As we have 
explained, with this sort of prior art design, actuator 50 
must be able to produce a great deal of force because 
link plate 12 does not operate easily. To address this 
problem, in this embodiment the center line r which runs 
lengthwise through oblong hole 11 2d of link plate 112 is 
inclined at an angle a with respect to a line R which runs 
the center of the oblong hole 11 2d and the center O of 
turbine 28. This design enables link plate 112 to rotate 
smoothly and reduces the load imposed on actuator 50. 
[0029] The variable-capacity turbocharger 10 of this 
embodiment also has a transmission mechanism to 
transmit the action of the actuator 50 to link plate 112. 
The transmission mechanism Includes rod 52 of actua- 
tor 60; link member 54 (see Figure 1 ). which Is connect- 
ed to the end of rod 52 by pin 50a; swinging member 
1 20 (see Figures 2 and 8), which is connected to the link 
member 54; and roller 140 and bridge 130, which are 
between member 120 and link plate 112, and which 
serve to connect the transmission mechanism to link 
plate 112. 

[0030] As can be seen in Figure 8, swinging member 
1 20 comprises arm 1 22; shaft 1 24, wh Ich extends along 
a given axis O from one end of arm 122, and is support- 
ed by turbine housing 20 through sleeve 118 in such a 
way that it can freely rotate; connector 128, which is on 
the end of shaft 124 and coaxial with it, and connected 
to link member 54 in such a way that It cannot move 
relative to the link member; and pin 126, which extends 
from the side of arm 1 22 opposite shaft 1 24 and is par- 
allel to that shaft. Swinging member 1 20 may be made 
of a metallic material, for example, stainless steel. Ide- 
ally, it should be formed of a single piece of austenitic 
stainless steel. Swinging member 120, ami 122, shaft 
124, connector 128 and pin 126 may be fomied sepa- 
rately and welded together 

[0031] As shown in Figure 7, bridge 130 comprises 
two flat plates 1 32, which are positioned parallel to each 
other with a slight gap between them, and center unit 
134, which connects the two plates 132. At the center 
unit 134 provided between the two plates 132 is a 
groove 136 in which the locking arms 112c of link plate 
112 engage. Part of bridge 130, including center unit 
1 34, is removed to the middle of the bridge to fomn cut- 
away portion 138. The two opposed surfaces are paral- 
lel and slide against each other. As can be seen in Figure 
8, when the transmission mechanism is assembled, the 
locking unit Is formed when cut-away portion 138 goes 
Into roller 140, which is mounted on pin 126 of swinging 
member 1 20. Bridge 1 30 may be made of a metallic ma- 
terial, for example, austenitic stainless steel. 
[0032] As shown in Figure 8, roller 140 is roughly cy- 
lindrical, with the diameter of if s opening slightly larger 
than the exterior diameter of pin 126, The exterior diam- 
eter of the roller is slightly smaller than the gap between 
the sliding surfaces 138 of bridge 130. Roller 140 may 
be made of a metallic material, for example, martensite 
stainless steel. 



[0033] In this section we shall. explain how this em- 
bodiment operates. 

[0034] When the internal combustion engine oper- 
ates, a negative intake pressure is created according to 

5 its rate of revolution and the openness of its throttle, and 
then the pressure is controlled by a magnetic valve to 
transmit it to the actuator 50. The actuator 50 operates 
according to this pressure. Rod 52 moves forward and 
back in the axial direction (to the right and left in Figure 

10 1) according to the magnitude of the negative intake 
pressure. When rod 52 operates, link member 54 ro- 
tates on shaft 1 24 of swinging member 1 20 in response. 
As can be seen in Figure 1 , link member 54, which Is 
shown by solid lines, is in contact with bolt 56a on the 

IS top of stop 56. At this point nozzle vanes 1 04 are in the 
open position, the position which produces the maxi- 
mum nozzle opening. When the engine is operating at 
low r.p.m,, or the throttle is only slightly open, actuator 
50 draws back rod 52. As rod 52 draws as far back as 

20 it can go, link member 54 moves into a position in which 
it is in contact with bolt 56b on the lower portion of stop 
56, as shown by the dotted lines. At this point nozzle 
vanes 1 04 are In the position which produces the small- 
est nozzle opening. 

2s [0035] in this way the linear movement of rod 52 is 
converted by link member 54 into the swinging motion 
of swinging member 1 20. Pin 1 26 of member 1 20 moves 
in an arc around axis O of shaft 122 as shown in Figures 
4 and 5. At this point pin 126 and roller 140 are in cut- 

30 away portion 138 in bridge 130, and the pin is between 
roller 1 40 and surface 1 38a. It slides upward and down- 
ward against bridge 1 30 in the relationship shown in Fig- 
ure 9, i.e., it slides along the axis of rotation of turtDine 
28. At the same time link plate 112 rotates around the 

35 circumference of boss 1 02a on mounting plate 1 02, with 
the rotary axis of turbine 28 as Its center. When link plate 
112 rotates, lever 114, which is connected to link plate 
112, rotates along with nozzle vanes 1 04 with shaft 1 04a 
of vanes 104 as its center 

40 [0036] The action of shafts 1 1 4a of lever 1 1 4 in holes 
11 2d of link plates 112 can be analyzed into action in 
the circumferential direction around the rotational center 
O (Figure 6) of lever 114 and action in the radial direc- 
tion. With this first embodiment, each of the holes 11 2d 

45 which receive shafts 114a of lever 114 is formed along 
a centeriine r of the oblong hole 11 2d which describes 
a given angle a with respect to a radius R from the ro- 
tational center O of link plate 112. When link plates 112 
rotate, a component Fr, which pushes each shaft 114a 

50 along the center line r of hole 11 2d, is generated in the 
force F acting on lever 114 from link plate 112 at the 
point where shaft 1 1 4a is in contact with hole 1 1 2d . This 
component Fr allows shafts 114a of lever 114 to move 
smoothly In the direction of declined center line of the 

S5 oblong holes 1 1 2d of link plates 1 1 2. As a result, the load 
on actuator 50 is reduced. In the prior art design, each 
hole 11 2d' was formed directly on a radius, so either 
there was no force generated to move shafts 1 1 4a in the 
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direction of declined center line r within holes 11 2d' or 
only a very snrall force. This design in the prior arts pre- 
vented link plates 112 from operating smoothly. 
[0037] In Figures 5 and 6. holes 112d of link plates 
112 are oblong, and the ends of the oblong holes are 
rounded However, the invention is not limited to this 
shape of holes only. Holes 11 2d could also have a sim- 
ple rectangular shape. Further, according to the second 
preferred embodiment, the holes in link plates 112, as 
indicated by reference number 11 2d" in Figure 7. may 
be curved to correspond to the course traced by shafts 
114a of lever 114 when it rotates around shaft 104a of 
nozzle vanes 1 04. 

[0038] This design is applicable to a variable turbo- 
charger which is distinguished by the following features 
The nozzle vanes are connected to the link plates by 
means of shafts which are parallel to the shaft of the 
nozzle vanes on the circumference of the link plates. 
These shafts engage in oblong holes in the lever. Each 
of the holes in the lever is curved along an arc tangent 
to a line extending at a given angle with respect to a 
radius from the rotational center of the link plate. 
[0039] The oblong hole is provided on the circumfer- 
ence of link plate 112, and it faces perpendicular to the 
nozzle shaft of nozzle vane. The shaft 11 4a of lever 114 
engages with the oblong hole 1 1 2d and slides within the 
inner surface of the oblong hole. As mentioned above, 
therefore, the shaft 1 1 4a can slide within the oblong hole 
which is curved along an arc tangent to a line extending 
at a given angle with respect to a radius from the rota- 
tional center of the link plate. 

[0040] With this second embodiment, each of holes 
11 2d" of link plates 112 is curved along an arc tangent 
to a radius r extending at a given angle a with respect 
to a radius R from the rotational center O of link plate 
112. When the link plate rotates, the component of the 
force which pushes shaft 114a in the direction of radius 
R is greater than in the first embodiment. More specifi- 
cally, when the shape of each hole 112d" In link plate 
112 corresponds to the course traced by shaft 114a of 
lever 114, shafts 1 1 4a of lever 114 can move even more 
smoothly in the radial direction R within holes 11 2d" in 
link plate 112. 

[0041] We disclosed only the limited preferred em- 
bodiments of the invention, however, the scope of the 
invention is not limited only to these disclosures, and the 
invention will cover any modification which can be made 
by a person with ordinary skill in the art. 
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. units around said turbine in said housing, sup- 
ported in such a way that said nozzle vanes are 
free to rotate between the open and closed po- 
sitions on nozzle shafts, and said nozzle vanes 
connected to levers whk:h correspond to said 
nozzle shafts so as to rotate along with said le- 
vers, each boss at the end of each lever pro- 
vided with a shaft which are parallel to said noz- 
zle shaft; 

a link plate whbh rotates freely around said tur- 
bine provided in said housing, which is connect- 
ed to said nozzle vanes by said levers and con- 
tinuously moves said nozzle vanes synchro- 
nously between the open and closed positions, 
and said boss provided at the end of each lever 
engaged in an oblong hole provided in said link 
plate in such a way that said boss Is free to 
swing In said oblong hole, and is thereby con- 
nected to said link plate; and 
an actuator outside said housing, which is con- 
nected to said link plate through a transmission 
mechanism; 

wherein a declined straight or curved centerline 
which runs along said oblong hole to the oblong di- 
rection, extends at a given angle with respect to the 
radius of said link plate. 

A variable-capacity turbocharger according to claim 
1 , wherein said curved center line which runs along 
said oblong hole to the oblong direction, is curved 
along an arc tangent to said declined straight line 
extending at a given angle with respect to the radius 
of said link plate. 
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A variable-capacity turbocharger whk:h controls the 
opening degree of the nozzle vanes, comprising: 

a turbine provided in a housing, which is free to 

rotate on a turbine shaft; 

a plurality of nozzle vanes arranged in nozzle 
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(57) Variable nozzle drive mechanism with a link 
plate (112). which can operate all the nozzle vanes 
smoothly and synchronously. The nozzle vanes (104) 
are supported in such a way that the nozzle vanes are 
free to rotate between the open and closed positions on 
nozzle shafts (104a), and the nozzle vanes (104) are 
connected to levers (114) which correspond to the noz- 
zle shafts (1 04a) so as to rotate along with the levers 
(114). Each boss (114a) at the end of each lever (114) 
functions as a shaft which are parallel to the nozzle 
shaft. The shafts (114a) in the nozzle vanes engage in 
oblong holes (114a) in the link plate (112) In such away 
that they are free to swing, and are thereby connecte<j 
to the link plate. The declined straight or curved center- 
line which runs the oblong hole to the oblong direction, 
extends at a given angle with respect to the radius of 
the link plate. 
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